OBJECTIVE -The purpose of this study was to compare the predictive ability of the National Cholesterol Education Panel (NCEP), revised NCEP (NCEP-R), and International Diabetes Federation (IDF) metabolic syndrome criteria for mortality risk, and to examine the effects of waist circumference on mortality within the context of these criteria.
I
ndividuals with metabolic syndrome are at increased risk of all-cause and cardiovascular disease (CVD) mortality (1) (2) (3) . Over the last decade several clinical criteria for metabolic syndrome have been developed (4 -6) . Clinically defined metabolic syndrome criteria were proposed by the National Cholesterol Education Program (NCEP) (5) and were subsequently revised (NCEP-R) (7) by lowering the threshold for blood glucose to correspond to the impaired fasting glucose cutoff of the American Diabetes Association (8) . Most recently, the International Diabetes Federation (IDF) proposed consensus criteria for identification of metabolic syndrome (9) . The IDF definition builds upon the NCEP-R criteria, but differs in two key aspects. First, the IDF has lowered the threshold for waist circumference from 102 to 94 cm. Second, waist circumference is a required component of metabolic syndrome under the IDF criteria, rather than an optional component as used by the NCEP. Previous studies have shown that using a lower waist circumference threshold within the context of metabolic syndrome increases the prevalence, but decreases the risk of mortality (1) and type 2 diabetes (10) . However, the effects of establishing waist circumference as a required versus an optional component of metabolic syndrome are unknown.
Given the high and increasing prevalence of metabolic syndrome in North America (11, 12) , the effects of including waist circumference as a mandatory component of metabolic syndrome has important implications that require further evaluation. Thus, the purpose of this study was twofold. First, the impact of the NCEP, NCEP-R, and IDF definitions of metabolic syndrome on all-cause and CVD mortality in men was examined. Second, the effects of waist circumference within the context of metabolic syndrome on the risk of all-cause and CVD mortality were determined.
RESEARCH DESIGN AND METHODS -Two samples were used to accomplish the aims. First, the relative risks (RRs) of mortality associated with metabolic syndrome were estimated in the Aerobics Center Longitudinal Study (ACLS). Second, population prevalences of metabolic syndrome were obtained from the 1999 -2002 National Health and Nutrition Examination Survey (NHANES) to estimate the impact of metabolic syndrome on the population.
ACLS
The sample included 20,789 men 20 -83 years of age. All participants attended the Cooper Clinic in Dallas, Texas, for clinical evaluations between 1979 and 1997. The sample was well educated (ϳ75% college graduates) and consisted of non-Hispanic whites. All participants provided their informed consent to participate in the clinical examination and subsequent
mortality follow-up, and all study protocols were reviewed annually by the Cooper Institute Institutional Review Board.
Clinical examination
All participants underwent a clinical examination after fasting for at least 12 h. Waist circumference was measured at the level of the umbilicus, and systolic and diastolic blood pressures were obtained with a mercury sphygmomanometer using auscultory methods. A fasting blood sample was obtained, and concentrations of triglycerides, HDL cholesterol, and glucose were assayed using automated techniques at the Cooper Clinic Laboratory, which participates in and meets the standards of the Centers for Disease Control and Prevention Lipid Standardization Program.
Definitions of metabolic syndrome
According to the NCEP definition, metabolic syndrome is present if a man has three or more of the following: high waist circumference values (Ͼ102 cm), high triglyceride levels (Ն1.69 mmol/l), low HDL cholesterol levels (Ͻ1.04 mmol/l), elevated blood pressure (Ն130/85 mmHg), and elevated glucose values (Ն6.1 mmol/l) (5). Men were also classified with a revised definition (NCEP-R) which uses a glucose threshold of 5.6 mmol/l (12) to correspond to the American Diabetes Association definition of impaired fasting glucose (7) . According to the IDF definition, metabolic syndrome is present if a man has a waist circumference Ն94 cm in addition to two or more of the following: high triglyceride level, low HDL cholesterol level, elevated blood pressure, and elevated glucose value (8) . In addition to the clinical criteria, men who indicated a history of hypertension or diabetes were classified as having elevated blood pressure and glucose, respectively, for all three metabolic syndrome definitions.
Covariates
Information about cigarette smoking, alcohol consumption, and parental history of CVD was collected using a medical history questionnaire. Parental history of CVD was coded as a dichotomous variable (0 ϭ no history, 1 ϭ either parent had a stroke or coronary event before the age of 50 years). Smoking status was categorized as never, former, or current. Alcohol consumption was coded as none, light (Ͻ15 units/week), moderate (15-30 units/week), or heavy (Ͼ30 units/week). One unit of alcohol was defined as one bottle or can of beer, a glass of wine, or one shot of hard liquor.
Individuals who indicated a history of CHD, stroke, or cancer on the medical history questionnaire were excluded from the analyses. However, men with an indication of CVD at the baseline examination were retained and coded as 0 (no indication of CVD) and 1 (possible indication of CVD). Indications of possible CVD were an abnormal electrocardiogram at rest or during exercise (6.2% of sample) or failure to achieve at least 85% of agepredicted maximal heart rate (220 Ϫ age) during an exercise treadmill test (2.7% of sample).
Mortality surveillance
Participants were followed until death or until 31 December 1998 in the case of survivors. Deaths were identified using the National Death Index and causes of death were determined from death certificates obtained from the departments of vital statistics in the states of decedents. A nosologist coded the death certificates for the underlying and up to four contributing causes of death, and CVD mortality was defined as codes 390 -449.9 of the ICD-9. All analyses were limited to participants with at least 1 year of follow-up.
Statistical analysis
Cox regression was used to estimate the RR of mortality associated with the NCEP, NCEP-R, and IDF definitions of metabolic syndrome. Age, year of examination, smoking status, alcohol consumption, parental history of CVD, and possible CVD at baseline were included as covariates in multivariable models. To examine the effects of waist circumference on mortality within the context of metabolic syndrome, the sample was divided into groups by waist circumference (Ͻ94, 94 -102, and Ͼ102 cm) and by the presence or absence of two or more additional metabolic syndrome risk factors. Mortality rates per 10,000 man-years of follow-up are reported as adjusted by Cox regression for age and year of examination. The ability of metabolic syndrome criteria to predict 10-year all-cause and CVD mortality was compared using C statistics derived from logistic regression, including age and year and examination as covariates and then adding smoking status, alcohol consumption, parental history of CVD, and possible CVD at baseline as covariates in multivariable models. The C statistic is equivalent to the Wilcoxon two-sample statistic for comparing the locations of event and nonevent distributions. All analyses were conducted using SAS software (SAS Institute, Cary, NC).
NHANES
NHANES is the most recent population health survey that measures metabolic The current analysis was limited to 1,957 men aged 18ϩ years who had fasted for at least 8 h. A detailed explanation of the NHANES protocols is found elsewhere (13) . The populationattributable fractions (PAFs) (ϭ [P(RR Ϫ 1]/[1 ϩ P(RR Ϫ 1)]) associated with the three definitions of metabolic syndrome were calculated from the RRs obtained from the ACLS cohort and the population prevalences (P) from NHANES. Table 1 presents the characteristics of the ACLS sample. The proportions of men with metabolic syndrome in the ACLS cohort were 19.7, 27, and 30%, according to NCEP, NCEP-R, and IDF criteria, respectively. Over an average of 11.4 years of follow-up there were 632 deaths (213 from CVD). The unadjusted Kaplan-Meier curves according to the three metabolic syndrome definitions are presented in Fig. 1 for CVD mortality, and Table 2 presents the RR of mortality associated with metabolic syndrome. In the multivariable models, the RRs (95% CIs) of all-cause mortality were 1.36 (1.14 -1.62), 1.31 (1.11-1.54), and 1.26 (1.07-1.49) for the NCEP, NCEP-R, and IDF definitions, respectively. The corresponding values for CVD mortality were 1.79 (1.35-2.37), 1.67 (1.27-2.19), and 1.67 (1.27-2.20), respectively. The prevalences of NCEP, NCEP-R, and IDF definitions of metabolic syndrome in NHANES were 24.3, 32.4, and 38.6%, respectively. The corresponding PAF using the RRs from the ACLS and the prevalences from NHANES for the NCEP, NCEP-R, and IDF definitions are 8, 9.1, and 9.1%, respectively, for all-cause and 16.1, 17.8, and 20.5%, respectively, for CVD mortality.
RESULTS -
The C statistic for predicting 10-year all-cause mortality was 0.755 for all three of the NCEP, NCEP-R, and IDF criteria, from logistic regression models including age and year of examination. The C statistics were 0.769, 0.768, and 0.768 for the NCEP, NCEP-R, and IDF criteria, respectively, from the multivariable models. The corresponding values for CVD mortality were 0.802, 0.795, and 0.799, respectively, from models including age and year of examination and 0.821, 0.817, and 0.817 from the multivariable models. These results indicate that the predictive ability of the three metabolic syndrome criteria were quite similar. All-cause and CVD death rates across waist circumference and risk factor categories are illustrated in Fig. 2 , adjusted for age and year of examination. Approximately one-third of the men with a waist circumference Ͻ94 cm (n ϭ 10,967) had two or more other metabolic syndrome risk factors (n ϭ 3,640), whereas approximately one-fourth of the men with a waist circumference Ͼ102 cm (n ϭ 3,840) had less than two metabolic syndrome risk factors (n ϭ 1,002). All-cause and CVD death rates were higher in men with two or more additional risk factors, regardless of waist circumference level. There was a significant trend for higher all-cause (P ϭ 0.01) and CVD (P ϭ 0.005) mortality rates across waist circumference categories in men with two or more additional risk factors, but not for men with less than two risk factors. Men with a waist circumference Ͻ94 cm and two or more additional risk factors (RR ϭ across waist circumference categories in the multivariable models was significant in men with two or more risk factors for CVD mortality (P ϭ 0.01), but not for all-cause mortality (P ϭ 0.06). The RR of CVD mortality in men with a waist circumference Ͻ94 cm and two or more risk factors was elevated but not statistically significant (1.38 [0.90 -2.12]).
CONCLUSIONS -There is currently debate as to whether metabolic syndrome increases the risk of adverse health outcomes beyond the risk associated with the individual component risk factors (14 -16) . The existing diagnostic criteria for metabolic syndrome arose from deliberations of panels of experts rather than from the results of prospective epidemiological studies or an evidencebased process (16) . Thus, studies are required to determine the effectiveness of metabolic syndrome at predicting health outcomes, albeit in a post hoc manner, to refine the clinical definitions and to either provide support for their use or discontinue their use. The results of this study demonstrate a higher risk of mortality associated with metabolic syndrome in white, non-Hispanic men and provide support for a role for waist circumference in the clinical criteria for metabolic syndrome. Although the prevalence of metabolic syndrome using the IDF criteria was about 50% higher than that with the original NCEP criteria, the predictive ability of the IDF and NCEP criteria were comparable. However, the requirement in the IDF criteria that waist circumference be at least 94 cm warrants caution because approximately one-third of the men with a waist circumference Ͻ94 cm had multiple risk factors and a high risk of mortality.
A recent review and meta-analysis by Ford (17) indicated that the PAF associated with NCEP metabolic syndrome is about 6% for all-cause and 12% for CVD mortality. The PAF estimates from the present study range from 8 to 9.1% for all-cause and from 16.1 to 20.5% for CVD mortality for the three definitions of metabolic syndrome. A more recent analysis from the Hoorn Study compared several definitions of metabolic syndrome in the prediction of CVD and found that metabolic syndrome doubled the risk of incident CVD; however, there were minimal differences across metabolic syndrome definitions (18) . These observations suggest that the public health burden associated with metabolic syndrome is substantial regardless of the metabolic syndrome criteria used.
It is not surprising that the prevalence of metabolic syndrome using the IDF criteria was ϳ50% higher than that using NCEP criteria, given the lower glucose and waist circumference thresholds. However, despite the higher prevalence, the predictive ability (C statistic) of IDF and NCEP definitions for mortality were similar. The IDF metabolic syndrome criteria identified a larger subset of the population that is at increased risk of mortality. On the other hand, because the IDF definition of metabolic syndrome re- quires a waist circumference Ն94 cm, it failed to identify a substantial number of subjects at high mortality risk. Indeed, 8% of the population had multiple risk factors despite having a waist circumference Ͻ94 cm. Together these observations suggest that lowering the glucose and waist circumference values within the metabolic syndrome context is beneficial for identifying men at risk; however, the optimal waist circumference threshold remains to be determined.
A novel aspect of this study was the analyses of waist circumference thresholds in the presence or absence of two or more other metabolic syndrome risk factors. The principal finding was twofold. First, the rate of CVD mortality increased across waist circumference categories in men with two or more other metabolic syndrome risk factors. Second, in the absence of multiple risk factors, risk did not increase across waist circumference categories. The results provide support for a valuable role for waist circumference in the clinical definition of metabolic syndrome; however, it is apparent that a high waist circumference value in the absence of additional risk factors may not indicate increased mortality risk. This is consistent with reports suggesting that the combination of high waist circumference value and high triglyceride level is a better predictor of CVD than either alone (19) . These findings reinforce the recommendation that clinicians obtain all metabolic syndrome criteria to properly interpret the health risks associated with an elevated waist circumference.
The mechanisms whereby waist circumference is associated with risk in the presence of other risk factors are unclear. It is possible that waist circumference acts as a marker for risk factors not measured in this study (physical inactivity, insulin resistance, C-reactive protein, and others). Together these findings reinforce the notion that reductions in waist circumference should be a primary aim of strategies designed to reduce health risks associated with metabolic syndrome. Given that exercise is associated with substantial reductions in waist circumference (20 -22) , and that cardiorespiratory fitness significantly attenuates the mortality risk associated with metabolic syndrome (23) , it is reasonable to suggest that physical activity be a cornerstone of strategies designed to treat metabolic syndrome.
There are several strengths and limitations of this study. A marked strength is the use of a large sample of men for whom an extensive battery of measurements were obtained, which allowed the classification of metabolic syndrome under NCEP, NCEP-R, and IDF criteria. The predominantly white, middle-to-upper class sample of men limits the generalizability of the results; however, the homogenous nature of the sample ensures control over factors such as ethnicity and socioeconomic status. The use of NHANES to obtain national estimates of the prevalence of metabolic syndrome in men is also a strength of this study. However, further research is required to confirm these findings in women and in other ethnic and socioeconomic groups.
In summary, men with metabolic syndrome have a higher risk of all-cause and CVD mortality by comparison with men without metabolic syndrome. The results suggest that IDF metabolic syndrome criteria will identify a larger segment of the population at increased mortality risk than NCEP metabolic syndrome criteria. However, the IDF requirement that waist circumference be at least 94 cm warrants caution because a large segment of the population with multiple risk factors and at increased mortality risk have waist circumference values Ͻ94 cm. The optimal waist circumference threshold value for predicting mortality within the context of the metabolic syndrome needs to be determined.
